PCT/NZ99/00030 

I mTent cooperation TREA . V 


From the INTERNATIONAL BUREAU 


PCT 

NOTIFICATION OF ELECTION 

(PCT Rule 61 .2) 

To: 

Assistant Commissioner for Patents 
United States Patent and Trademark 
Office 
Box PCT 

Wfl<:hinntnn D C 209*^1 

vvaoi III lyiwi If Ut\^t^\j^%j t 

ETATS-UNIS D'AMERIQUE 

in its capacity as elected Office 

Date of mailing (day/month/year) 

04 November 1999 (04.11,99) 


tntemational application No. 
PCT/NZ99/00030 

Applicant's or agent* s file reference 
15774X034/19 

International filing date (day/month/year) 
12 March 1999(12.03.99) 

Priority date (day/month/year) 
13 March 1998(13.03.98) 

Applicant 

ROBSON, Angus, Peter 


1. The designated Office is hereby notified of Its election nnade: 

I X| In the demand filed with the International Preliminary Examining Authority on: 

13 October 1999(13.10.99) 

I I In a notice effecting later election filed with the International Bureau on: 


2. The election 



not 


made before the expiration of 19 months from the priority date or, where Rule 32 applies, within the time limit under 
Rule 32.2(b). 


The International Bureau of WlPO 

Authorized officer 

34, chemin des Colombettes 

C. Carri6 

121 1 Geneva 20, Switzeriand 


Facsimile No.: (41-22) 740.14.35 

Telephone No.: (41-22) 338.83.38 


Form PCT/IB/331 (July 1992) 2937402 


A TENT COOPERATION TREA 

PCX 


•9/64601^? 
r^" - ^-^"^^''^ 


REG'D 0 2 FEB 2000 


INTERNATIONAL PRELIMINARY EXAMINATION RE^.ORT- 

(PCT Article 36 and Rule 70) L.^ 


PCT 


Applicant's or agent's file reference 
15774x034/19 

FOR FURTHER See Notification of Transmittal of International Preliminary 
ACTION Examination Report (Form PCT/IPEA/4 16). 

International application No. 

International filing date (day/month/year) 

Priority Date (day/month/year) 

PCT/NZ 99/00030 

12 March 1999 

13 March 1998 

International Patent Classification (IPC) or national classification and IPC 


Int. CI.'^ B02C 19/00 



Applicant 

Rocktec Limited 




This international preliminary examination report has been prepared by this International Preliminary Examining 
Authority and is transmitted to the applicant according to Article 36. 

This REPORT consists of a total of 4 sheets, including this cover sheet. 

I I This report is also accompanied by ANNEXES, i.e:, sheets of the description, claims and/or drawings which have 

been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 

(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of sheet(s). 


3. This report contains indications relating to the following items: 
Basis of the report 


Lack of unity of invention 

Reasoned statement under Article 35(2) with regard tc 
citations and explanations supporting such statement 


I 


II 

□ 

III 

□ 

IV 


V 


VI 

□ 

VII 

□ 

VIII 

n 


Date of submission of the demand 
13 October 1999 


Name and mailing address of the IPEA/AU 

AUSTRALIAN PATENT OFHCE 
PC BOX 200, WODEN ACT 2606, AUSTRALIA 
E-mail address: pct@ipaustralia; gov.au 
Facsimile No. (02) 6285 3929 


Date of completion of the report 
21 January 2000 


Authorized Officer 


David K. Bel 



Telephone No. (02) 6283 2309 


Form PCT/IPEA/409 (Cover sheet) (July 1998) 


INTERNATIONAL PRELl^pARY EXAMINATION REPORT ^Puernational application No. 

PCT/NZ 99/00030 


Basis of the report 


With regard to the elements of the international application:* 
[x] the international application as originally filed. 


the descrintion 

oaees 

1 

as originally filed, 


pages 


■filf^H with thp HpTTifiTirf 



» 

■filpfl with the letter of 

the claims. 

pages 


as originally filed. 


pages 

1 

as amended (together with any statement) under Article 19, 


pages 

5 

filed with the demand. 


pages 

» 

filed with the letter of . 

the drawings. 

pages 


as originally filed. 


pages 


filed with the demand. 


pages 

> 

filed with the letter of . 


I I the sequence listing part of the description: 

pages , as originally filed 
pages , filed with the demand 
pages , filed with the letter of 

2. With regard to the language, all the elements marked above were available or furnished to this Authority in the language in 
which the international application was filed, unless otherwise indicated under this item. 

These elements were available or fiimished to this Authority in the following language which is: 
I ^ the language of a translation furnished for the purposes of international search (under Rule 23 . 1 (b)). 

I I the language of publication of the international application (under Rule 48,3(b)). 

I [ the language of the translation furnished for the purposes of international preliminary examination (under Rules 55.2 
and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, was on the basis of 
the sequence listing: 

I I contained in the international application in written form. 

I I filed together with the international application in computer readable form. 

I I furnished subsequently to this Authority in written form. 

I I fiimished subsequently to this Authority in computer readable form. 

[ [ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 

international application as filed has been furnished. 
I I The statement that the information recorded in computer readable form is identical to the written sequence listing has 

been furnished 

4. 1^ The amendments have resulted in the cancellation of: 

I I the description, pages 
I I the claims, Nos. 
[~| thedravnngs, sheets/fig. 

5. I I This report has been established as if (some of) the amendments had not been made, since they have been considered 
— to go beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).** 


Replacement sheets which have been furnished to the receiving Office in response to an invitation under Article 14 are referred to in this 
report as "originally Jiled" and are not annexed to this report since they do not contain amendments (Rules 70. 1 6 and 70. 1 7). 
Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this report 


Form PCT/IPEA/409 (Box I) (July 1998) 


INTERNATIONAL PRELllBlARY EXAMINATION REPORT ^^iileiualional application No. 

PCT/NZ 99/00030 


rv. Lack of unity of invention 


In response to the invitation to restrict or pay additional fees the applicant has: 

I [ restricted the claims. 

I I paid additional fees. 

I J paid additional fees under protest. 

I J neither restricted nor paid additional fees. 


3f| This Authority found that the requirement of unity of invention is not complied with and chose, according to Rule 
— 68. 1 , not to invite the applicant to restrict or pay additional fees. 


3. This Authority considers that the requirement of unity of invention in accordance with Rules 13. 1, 13.2 and 13.3 is 

I I complied vvith. 

[x] not complied with for the following reasons: 

Claims 1 to 9, 25 to 35 and 37 are directed to a rotary impact rock crusher in which the relative angles of at least 
one of the crusher components is adjustable with respect to the vertical. 

Claims 10, 1 1, 20 (in part) to 23 and 36 are directed to an anvil whose position in the rotary impact rock crusher 
is adjustable and which may or may not be used in the rotary impact rock crusher of the first invention above. 

Claims 12 to 20 (in part) are directed to an anvil that is configured to have at least one cavity positioned within 
the anvil that is capable of regenerating the anvil's original surface profile as the anvil wears within the rock crusher. 

These inventions do not contain a common element of novelty which links them into a unified whole. 


Consequently, the following parts of the international application were the subject of international preliminary 
examination in establishing this report: 

[3c] all parts. 

[ I the parts relating to claims Nos. 


Fomi PCT/IPEA/409 (Box IV) (July 1998) 


INTERNATIONAL PRELIlSWARY EXAMINATION REPORT 


itemational application No. 
PCT/NZ 99/00030 


Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 


Statement 
Novelty (N) 


Inventive step (IS) 


Claims 1 to 37 
Claims 

Claims 1 to 37 
Claims 

Industrial applicability (lA) Claims 1 to 37 

Claims 


YES 

NO 

YES 

NO 

YES 

NO 


Citations and explanations (Rule 70.7) 


Dl 
D2 
D3 
D4 


US 2919864 
US 2012294 
US 4017035 
EP 562194 


The first claimed invention of the present application is a rotary impact rock crusher in which the relative angle of 
at least one of the crusher components is adjustable with respect to the vertical. Dl (Parmele) and D2 (Runyan) represent 
the closest prior art and each discloses a rotary impact rock crusher. Neither Dl or D2 either singly or in obvious 
combination disclose a rotary impact rock crusher in which the relative angles of at least one of the crusher components is 
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The invention claimed in claims 10, 1 1, 20 (in part) to 23 and 36 are directed to an anvil whose position in the 
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the anvil is adjustable, however the crusher appears to be of the hammer mill type. D4 (Nakayania Iron Works) (^scloses 
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crusher. The documents D3 and D4 neither singly or in obvious combination disclose the mvention defined m claims 10, 
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inventive step and to be industrially applicable. 
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IMPROVEMENTS TO ROCK CRUSHERS 
Technical Field 

This invention relates to improvements to rock crushers. 

In particular, the present invention relates to improvements in rotary impact rock 
crushers which provide a greater control over the fracture mechanisms and the grade of 
rock product. 

Background art 

The many end use applications for rocks require that a range of rock grades are 
available for use. 

The desirable characteristics of a rock product are that it is shaped and graded to suit 
the duty for which it is required, and the strength of the rock is maximised. 

The desirable crushing characteristics of a crusher are that there is a high size reduction 
of the rock, that shape and strength of the rock product are maintained or improved and 
that the crush can be controlled to maximise the desired end product. 

There is generally a large compromise between what a crusher will make and what 
rock product is required. High reduction generally gives poor shape and low strength 
rock which are undesirable. Low reduction generally gives good shape and high 
strength which are desirable but high by-product and low output which are undesirable. 

it is conmion to create a by-product in order to make a specification rock product. This 
by-product is expensive to produce, has low conmiercial value and sometimes high 
envirormiental costs. 

It can be seen that there will be a balance between these characteristics as to which best 
suits 
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a) the rock product required; and 

b) the crusher making it. 
The current problem is that 

• specifications for rock products are becoming much tighter: 

• existing crushers lack the control to make a variety of tight specification products at 
a high rate or without by-product. 

Finishing crushers generally fall into the following categories: 

• Cone Crushers, where rock is crushed by compression between two eccentric metal 
cones. These machines have good reduction but do not produce fine sand or have 
good shape. 

• Hammermills, where rock is crushed by impact with metal hammers attached to a 
rotor on a horizontal shaft to metal anvil linings in the crusher casing. These 
machines have high operating costs and the rock product changes rapidly as the 
crusher wears, i.e. they will not hold the desired rock product specification. 

• Anvil VSIs. where rock is thrown by a metal impeller (referred to as a rotor) onto 
metal lining, and is crushed by impact. These machines have good reduction but 
high operating costs, lower rock strength, bad shape, and won't hold a desired rock 
product specification as they wear. Anvil VSIs must also be stopped frequently in 
order to replace worn anvils, which results in expensive down-time. 

• Rock on Rock VSIs, where rock is crushed by impact with a ^rock lined impeller 
(known as a rotor) on a vertical shaft to rock linings in the crusher casing. These 
machines have high rock strength good shape and produce good sand but have low- 
reduction, and often produce high by-product (unwanted product). 
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The main reason for low reduction in the Rock-on-Rock VSI is explained as follows. 
Rock ejected from the rotor is flung out into the crushing chamber where it strikes the 
rock bed and circulates in the chamber forming a rock swirl. 

Rock on rock crushing occurs when rocks ejected from the rotor impact against rocks 
in the rock swirl. The greatest impact occurs when there is the greatest possible speed 
differential between the ejected rocks and the swirling rocks. Generally, the swirl 
moves rapidly in the same direction as the ejected rock and therefore the motion of the 
rock swirl particle reduces the impact force between the rock swirl particle and the rock 
ejected from the rotor. 

VSI crushers provide some control over the rate of the rock swirl by variation in speed 
only (reducing rotor speeds which sacrifices output, and reduction). 

Cone and Hammermill crushers only control a specific gap in which rock is crushed, 
which has no control over the rock fracture mechanism. 

The Applicant has compiled the following table, subjectively depicting the advantages 
and disadvantages of each crusher type. 

The points given are subjective with the greater number of points, the higher the 
performance. 
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TABLE 1 



Points 

Standard 
Cone 

Short/ 
Fine 
Cone 

Rnrk" on 

Rock VSI 

Anvil 
VSI 

Hammermill/ 
Impactor 

Performance 







Feed Size 

4 

4 

1 

2 

4 

-> 

J) 

Dust Production 

4 

1 

2 


3 

2 

Chip Production 

4 

J 

2 

3 

4 

2 

Product Shape 

4 

2 

2 

4 

2 

-> 

Product Control 

4 

2 

2 

2 

2 

2 

Cost 







Wear Rate 

6 

6 

5 

6 

1 

1 

Power 

Consumption 

3 


3 

1 

2 

2 

Capital Cost 

8 

1 

2 

4 

2 

6 

Installation 







Height 

2 

2 

2 

1 

1 

2 

Weight 

2 

1 

1 

2 

1 

2 

TOTAL 

41 

25 

22 

28 

22 

25 


Clearly if a crusher could combine the characteristics of one crusher one day to make 
product 'X\ and be changed in a controlled way to provide the characteristics of a 
different crusher on another day to make product 'Y' this would be a useful 
advancement of the art. 

It is an object of the present invention to address the foregoing problems or at least to 
provide the public with a useful choice. 

Further aspects and advantages of the present invention will become apparent from the 
ensuing description which is given by way of example only. 
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DISCLOSURE OF INVENTION 

According to one aspect of the present invention there is provided a rotary impact rock 
crusher having componentry which includes 

a crushing chamber housing, and 

a rotor into which rock may be introduced and ejected therefrom positioned in the 
crushing chamber housing, 

the rock crusher characterised in that 

the relative angles of at least one of the crusher components is adjustable with respect 
to the vertical. 

In some embodiments, the present invention may be configured so that the rotor angle 
and the angle of the crushing chamber housing with respect to the vertical are 
adjustable independently of each other. 

In some embodiments, the rotor angle may be varied relative to the crushing chamber 
without departing from the scope of the present invention. 

In preferred embodiments, the present invention may be configured so that the planes 
of the rotor and the crushing chamber housing are at a fixed relative position to each 
other so the rotor and crushing chamber housing are moveable together with respect to 
the vertical. 

Reference to the componentry angle with respect to the vertical will now be made with 
reference to the embodiment described in the preceding paragraph, wherein further, the 
planes of the rotor and the crushing chamber housing are substantially parallel. 

This should not be seen to be limiting in any way, as other arrangements, including 
those described above may be used according to the present invention without 
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departing from the present invention's scope. 

The rotor componentry will be referred to hereafter as the crushing chamber, which is 
intended to encompass the crushing chamber housing, and the rotor. 

Reference to the angle from the vertical may be made hereafter with reference to "the 
angle" for convenience. 

The adjustable angle may include angles in all directions about the vertical. 

Reference to a rotary impact rock crusher may be made with reference to any crusher 
whereby rock is introduced to the crusher and has velocity imparted to it by means of a 
centrifugal rotor, which then ejects the rock at speed onto a crushing surface which 
may be a rock, a rock bed, an anvil or a combination of these. 

The crushing chamber may further include an anvil configured so that rocks ejected 
from the rotor impact on the anvil. 

The rock crusher may be configured so that the crushing chamber angle is adjusted to 
control the fracture mechanisms in the crushing chamber. 

The rock fracture mechanisms may include shatter/impact, cleavage, attrition, and 
abrasion (terms defined further). 

In some embodiments, the control of the fracture mechanisms will be chosen according 
to the desired rock product output from the crusher. 

In all rock crushers, a range of rock grades is always present in the product. A 
particular fracture mechanism will have a fairly predictable effect on rock and result in 
a particular rock grade. The choice of fracture mechanisms made by the operator may 
be made to select and maximise a particular grade of product in the product range. 

In some embodiments, the crusher may be configured so that in operation, a rock bed 
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forms on at least a portion of the chamber walL 

In preferred embodiments, the rock bed may form an ever-tightening comer inside a 
portion of the chamber when the crushing chamber is angled. 

The rate at which the ever-lightening comer curves may be controllable by varying the 
angle of the rotor, the crushing chamber, or both. 

Reference to the ever-tightening comer being formed inside the chamber should not be 
seen to be limiting in any way, as the apparatus of the present invention is operable 
without the ever-tightening comer forming. 

In preferred embodiments, the crusher may be configured so that where a rock swirl 
develops in the crushing chamber, the ever-tightening comer inside the chamber has a 
slowing effect on the rock swirl. 

This gives several potential advantages. Rock on rock crushing occurs between rocks 
ejected from the rotor impacting against rocks in the rock swirl. The greatest rock on 
rock impact occurs when there is the greatest possible speed differential between the 
rocks. Generally, the swirls move in the same direction as the ejected rock and 
therefore the motion of the rock swirl particle reduces the impact force between the 
rock swirl particle and the rock ejected from the rotor. 

The slowing of the rock swirl by the ever-tightening corner reduces the swirl speed, 
thereby increasing the speed differential between the rock swirl particles and the rock 
ejected from the rotor, which improves the rock on rock crushing effect. 

The ability to vary the rate to which the ever-tightening comer curves, means that there 
is greater control over the fracture mechanisms inside the crushing chamber. This is 
achieved by being able to vary the angle of the cmshing chamber componentry. 
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It should be appreciated that varying the angle of the rotor or crushing chamber alone 
may also produce significant commercial advantages as above. 

There will potentially be a greater crushing effect with reduced distance between the 
rotor and the anvil face. Therefore, an operator may vary the crushing phenomena 
inside the crushing chamber by changing the anvil position within the crushing 
chamber. 

According to a farther aspect of the present invention there is provided an anvil 
segment, configured to be used with an impact crusher which includes a crushing 
chamber housing and a rotor, 

the anvil characterised in that the position of the anvil in the crusher is adjustable. 

Preferably, the adjustable position may be the distance between the rotor on the impact 
crusher and the anvil. 

In other embodiments the adjustable position may refer to adjusting the angle, height, 
pitch, length of the anvil. 

According to a further aspect of the present invention there is provided an anvil 
segment for use with a rotary impact rock crusher, the anvil characterised in that the 
anvil is configured to have at least one cavity within the anvil structure. 

In some embodiments, there may be a pluraUty of cavities within the anvil structure. 

Reference to there being a plurality of cavities within the anvil within the anvil 
structure should not be seen to be limiting in any way. The anvil may only have one 
cavity without departing from the scope of the present invention. 

The anvil may be configured so that if the anvil surface wears through, a cavity behind 
the wear point will fill with rock emitted from the rotor. 
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The anvil may continue to wear around the filled cavity until the impact surface on the 
anvil is regenerated. 

While the anvil is wearing down, the filled cavities provided a sufficient impact 
surface. 

Preferably, the cavity positions may be chosen so that when the anvil wears through, 
the supplementary rock impact surface on the anvil minimises glancing impacts from 
rock ejected from the rotor. 

In preferred embodiments, the anvil may be configured so as to be positioned through a 
wall of the crushing chamber housing. 

Further, the anvil may be accessible and/or adjustable from outside the crushing 
chamber. 

This has an advantage in that the operation of the rock crusher may not need to be 
ceased in order to adjust the anvils. 

Further, in the case where many anvils are used as segments forming a complete or 
partial anvil ring, each segment may be adjusted on its own as required to maintain the 
desired fracture mechanisms within the crushing chamber, and hence the desired output 
rock product. 

In some embodiments, the cavity may be rectangular. 

In other embodiments the cavity may be square, rounded, or may have some other 
closed-curve cross-sectional or plan configuration without departing from the scope of 
the present invention. 

The cavities within the anvil may be configured to have substantially adjacent vertices. 
Reference to the cavities having substantially adjacent vertices should not be seen to be 
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limiting in any way. 

In some embodiments, the cavities may be spaced apart from each other depending on 
the application of the anvil. 

Preferably, the anvil may be configured so that when the anvil is first in use, the initial 
impact surface on the anvil has no cavities. 

However this should not be seen to be limiting in any way, as in other embodiments, it 
may be desirable to have cavities on the initial anvil crushing surface. 

In some embodiments the cavities may have their longest length running the direction 
of the width of the anvil. 

In other embodiments the cavities may have their longest length running the direction 
of the height of the anvil. 

In other embodiments the longest length in the cavity may be in the direction of the 
length of the anvil. 

This configuration would be directed towards providing a continuously wearing impact 
surface as the anvil surface wears, rather than eventuating a regeneration of the anvil 
impact surface (see further for explanation of regenerative effect). 

In some preferred embodiments the anvil may have a stepped impact surface. 

In other embodiments, the anvil may have a flat, or curved impact surface. 

According to a further aspect of the present invention there is provided a plurality of 
anvil segments as described above. 

The plurality of segments may be configured to form a full or partial anvil ring. 
The anvil according to the present invention has a number of advantages. 
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It is usual for the anvil to wear at the points where rock impact occurs, which formerly 
meant that the entire anvil needed to be replaced once worn through. 

The present invention is configured so that if an anvil crushing surface wears through, 
the cavity will fill with rock. The anvil will further wear until a new flat face is 
formed. Thus there is an effective regeneration of the flat face(s) making up the 
crushing surface of the anvil, reconstituting the anvil. This is a large cost saving over 
prior art anvils, which must be replaced when the initial impact surface is worn away. 

Thus, this prevents or reduces the degree to which the crusher will lose its specification 
from a wom anvil and the associated unwanted deflections, in terms of the losing 
control over the desired fracture mechanisms, and the associated rock product. 

Further, when an anvil segment is completely worn the anvil segment needs to be 
replaced, which improves the cost effectiveness of the anvil. An operator can get the 
benefit of a full circular anvil ring, but the cost of maintaining only a short anvil 
segment. 

The anvil is the most wear-prone component of an anvil crusher, and the expense of 
maintaining the anvils can mean that an operation is not cost-effective. Thus having a 
longer-lasting anvil, combined with the ability to change each segment individually is 
of great cost benefit. 

Varying the anvil position may be achieved using a number of means. There may be a 
sliding mechanism, a roller, or some other system allowing the anvil to be moved and 
held in place. 

According to a further aspect of the present invention there is provided a method of 
controlling the fracture mechanisms in a rotary impact crusher, which includes a 
crushing chamber housing, and a rotor 

characterised by the step of altering the relative angles of the crusher componentry. 
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According to the above method, there may be included the further step of adjusting the 
distance between an anvil in the rotary impact crusher and the outlet of the rotor to 
achieve the desired fracture mechanism. 

Preferably, the method herein before described may be achieved using the crusher 
previously herein described. 

Preferably, the above method may be achieved using an anvil as previously herein 
described. 

The fracture mechanisms referred to previously may are now discussed. 

Impact/shatter may refer to the degree to which a piece of rock will shatter into 
different pieces. High impact is usually associated with shatter. 

The applicant has found that by increasing the anvil penetration or increasing the angle 
(which exposes more anvil face) of the crushing chamber, an operator may improve the 
impact/shatter achievable. 

Cleavage is term used to refer to a section of rock parting down a line of weakness 
within the rock and is normally associated with moderate crushing force. 

Cleavage upgrades the strength of the rock product as the resultant particles are 
generally free from lines of weakness, and thus the deleterious rocks removed. 

The applicant has found that the present invention can increase the amount of cleavage 
by increasing the angle of the crushing chamber, which tightens the curve on the ever- 
tightening comer, slowing the rock swirl, improving rock on rock crushing, and also 
exposing more anvil face. 

Attrition refers to the degree to which a larger rock can be broken down to many 
smaller parts, usually as a result of a long residence time in the crushing chamber. 
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The applicant has found that decreasing the angle of the crushing chamber and 
decreasing anvil penetration increases the attrition effect. 

Abrasion is a term used to refer to the effect of a particle tumbling at high speed for a 
long residence time, wearing away at the particle, resulting in a shaping or rounding 
effect. 

The applicant has found that decreasing the angle of the crushing chamber and 
decreasing anvil penetration increases the abrasion effect. 

Changing the rotor speed can also be used to control the fracture mechanisms inside 
the chamber. 

Preferably, the present invention may include an exit means for the rock product. 
Preferably the exit means may include a flexible chute. 

Reference to the exit means including a flexible chute should not be seen to be limiting 
in any way, as rigid chutes may also be used without departing from the scope of the 
present inventions manufacture or use. 

In some embodiments, the present invention may be combined with other plant such as 
devices that sort the grades of rock produced by the crusher, and may also include 
machinery for packing and transporting the rock produced from the crusher 

Preferably, the chute may be configured so as to vibrate as a result of the operation of 
the rock crusher to urge the crushed rock down the chute. 

Preferably, the chute may be manufactured from a flexible material. 

Preferably, the present invention may include a feed tube configured to introduce rock 
to the crusher. 
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The change in angle of the crushing chamber componentry forming the ever tightening 
configuration has a dramatic effect in terms of the control an operator may have over 
the output of the rock crusher. This is especially noticeable when used in combination 
with the different crushing effects using the variable distance anvil. 

The effect of the ever-tightening corner slows the rock swirl that occurs in rotary 
impact rock crushers. 

The previous discussion in the prior art section outlines how rock on rock crushing 
occurs between rocks ejected from the rotor impacting against rocks in the rock swirl. 
The greatest crushing effect occurs when there is the greatest possible speed 
differential between the rocks. Generally, the swirls move in the same direction as the 
rock and therefore the motion of the rock swirl particle reduces the impact force 
between the rock swirl particle and the rock ejected from the rotor. 

The slowing of the rock swirl by the ever-tightening circle reduces the swirl speed, 
thereby increasing the speed differential between the rock swirl particles and the rock 
ejected from the rotor, which improves the crushing effect. 

The ability to vary the rate to which the ever-tightening corner curves, means that there 
is greater control over the fracture mechanisms inside the crushing chamber. This is 
achieved by being able to vary the angle of the crushing chamber componentry. 

The angling of the present invention also means that the crushing chamber is at a lower 
position and will have less head room, and can therefore be more easily combined with 
existing plant. It can be more easily transported with other machinery as well. 

It is preferable to have a double belt drive to impart the angular momentum to the 
rotor. 

Normally a " drive is used with two motors and drive belts positioned substantially 
opposite each other to drive the rotor. 
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The present invention enables a " V drive arrangement to be employed whereby the 
motors and belts are positioned at an acute angle relative to each other to drive the 
rotor. 

The motors can be positioned on the side opposite the side where the rock is ejected 
from the rock crusher. 

This makes the present invention more compatible with supplementary machinery. 

The advantages of the present invention result in a device that has a significantly 
higher control over the fracture mechanisms occurring in the rock crusher, than was 
previously achievable in the prior art crushers. An operator may choose a particular 
rock product output one day, and then adjust the settings on the crusher the next time to 
maximise another grade of rock in the rock product. 

The present invention enables the operator to change the settings to dial up a particular 
rock product. 

The present invention also allows the operator to adjust the settings on the rock crusher 
while it is operating in order to maintain the rock product specification at optimum 
levels at all times. 

BRIEF Description of Drawings 

Further aspects of the present invention will become apparent from the ensuing 
description which is given by way of example only and with reference to the 
accompanying drawings in which: 

Figure 1 shows one embodiment of the present invention in a substantially 


horizontal position; 


Figure 2 


shows a plan view of the crushing chamber in figure 1 ; 
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Figure 3 


shows a schematic illustration of the anvil according to the present 


invention; 


Figure 3 A 


shows the anvil of figure 3 after a period of use; 


Figure 4 


shows the present invention in a substantially angled orientation; and 


Figure 5 


shows a plan view of the crushing chamber shown in figure 4. 


BEST MODES FOR CARRYING OUT THE INVENTION 

With reference to figure 1 there is shown one embodiment of the present invention 
with the crushing chamber components in a substantially horizontal orientation. 

The rock crusher 1 includes a crushing chamber housing 2. The crushing chamber 
housing houses a rotor 3 into which rock is introduced via feed tube 4. The rotor 3 
includes exit openings on its sides, which are not shown. The rotor spins and the rocks 
are flung outwards from the rotor openings at between 30-90m/s. 

The crushing chamber 2 also includes an anvil 5. The rocks impact on the anvil face 6. 
Most of the rock that shatters as a result of impact will travel down the angled chute 7 
for collection. 

Figure 7B is a shaft housing which houses the shaft 11. The shaft housing 7B may be 
circular or rectangular or some other polygonal shape. The configuration of the chute 7 
is such that where the plane of the chute 7 intersects the shaft housing 11 A, at point 
7 A, the shaft housing passes through the chute 7 at an angle. Where the shaft housing 
1 1 A intersects the chute at point 7 A there may be sufficient chute width either side of 
the shaft housing llA to allow the rock product emitted from the rotor to be 
transported by the chute 7. 

Other shattered rock forms a wall, shown by angled rock wall 8. 
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Figure 2 shows a plan view of the crushing chamber housing 2. The rock wall 8 is 
substantially equi-distant from the rotor, all the way around the crushing chamber 
housing 2. 

The adjustable anvil 5 is shown in two positions in figure 2. The first is shown by the 
lighter lines 5A and the other position is shown by darker lines 5B. The anvil includes 
cavities 9. The distance between the anvil and face 6 and the rotor is adjustable. 

The view in figure 1 shows the drive mechanism for the rotor 3, being a motor 10, 
which may be electrical or otherwise, driving a belt lOA which in turn is connected to a 
shaft 1 1 whose rotation results in the rotation of the rotor 3. Preferably there may be 
two drive mechanisms arranged in a " V' arrangement. 

With reference to figure 3, there is shown a closer view of the anvil and the rotor. In a 
preferred embodiment, the anvil face 6 may have a stepped appearance as shown in 
figure 3 . 

However, this should not be seen to be limiting in any way, as the anvil face may be 
configured to be substantially smooth, straight, curved by the configurations without 
departing from the scope of the present invention. 

The anvil has at least one cavity 9 formed a distance behind the anvil face 6. In 
preferred embodiments, the cavities 9 may be rectangular. However, reference to 
rectangular cavities in the anvil should not be seen to be limiting in any way, as other 
shaped cavities may be formed in the anvil without departing from the scope of the 
present invention. 

For example the cavities 9 may be circular, square, or may have some other polygonal 
plan or cross sectional shape. 
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The anvil may be constructed from any single or combination of metals or other 
substances depending on the duribility desired. For example there may be tungsten 
carbide inserts or other metals used in the anvil construction. 

Figure 3 A shows the initial anvil plate worn down, and a new anvil plate 6A is formed. 
The anvil plate 6A includes cavities 9 filled with crushed rock. 

The rocks exiting the rotor will now impact against the rock that is packed into the 
cavities 9 and will act as a crushing surface. 

The present invention is configured so that if an anvil plate surface 6 wears through, 
the cavity 9 will fill with rock. As the rest of the anvil either side of the cavity wears, 
the emvil will continue to provide a satisfactory impact surface. The anvil will finally 
completely regenerate to a flat surface. 

Furthermore, the variable distance between the anvil face 6 and the rotor 3 allows 
control over the impact force experienced by the rock. 

The means for varying the anvil distance may be a sliding mechanism, a roller, or some 
other track system allowing the anvil to be moved and held in place, although these are 
not detailed in the figures. 

Now referring to figures 4 and 5, the present invention is shown with the crushing 
chamber componentry at an angled position. 

The most apparent changes relate to the rock build-up 8, which as a result of the 
continuous action of gravity will form in substantially the same angle as when the 
chamber 2 is in the horizontal position. However, because the chamber componentry is 
now angled, the relative steepness of the rock wall relative to the rock chamber is 
increased on the side farthest from the anvil 5, and decreased on the side closest to the 
anvil 5. 


18 


wo 99/46049 


PCT/NZ99/00030 


Figure 5 demonstrates the change in appearance of the rock wall from a plan view. It 
can be seen that the rock wall forms an ever tightening comer behind the rotor on the 
side opposite the anvil. As the angle increases, the curve on the comer will tighten 
further, giving control over the speed of the rock swirl. 

The combination of control using the anvil distance variation, in combination with the 
angle variation gives an operator a significantly improved degree of control over the 
type of rock product produced by the present invention. 

It should be appreciated that varying the angle of the rotor 3 or crushing chamber 2 
alone may also produce significant commercial advantages as above. 

The angling of the present invention means that it takes up less head room, and can 
therefore be more easily combined with existing plant. It can be more easily 
transported with other machinery as well. 

It can be seem that the combination of improved control over the above characteristics 
provide a machine that has a significant commercial advantage over the prior art. 

As an illustration of the potential advantages of the present invention, the Applicant 
has compiled the following table, subjectively comparing the performance of the 
present invention with the prior art. 

The points given are subjective with the greater number of points, the better. 
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TABLE 1 



Points 

Cone 

Short/ 
Fine 
Cone 

Ropk nn 

Rock VSI 

Anvil 
VSI 

H ft m m rm i 1 1 / 

Impactor 

ASI 

Performance 








Feed Size 

4 

4 

1 

2 

4 

3 

J 

Dust Production 

4 

1 

2 

3 


2 

4 

Chip Production 

4 

3 

2 


4 

2 

4 

Product Shape 

4 

2 

2 

4 

2 

3 

4 

Product Control 

4 

2 

2 

2 

2 

2 

4 

Cost 








Wear Rate 

6 

6 

5 

6 

1 

1 

J 

Power 

Consumption 


3 


1 

2 

2 

2 

Capital Cost 

8 

1 

2 

4 

2 

6 

6 

Installation 








Height 

2 

2 

2 

1 

1 

2 

2 

Weight 

2 

1 

1 

2 

1 

2 

2 

TOTAL 

41 

25 

22 

28 

22 

25 

34 


Aspects of the present invention have been described by way of example only and it 
should be appreciated that modifications and additions may be made thereto without 
departing from the scope thereof as defined in the appended claims. 
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WHAT WE CLAIM IS: 

1 . A rotary impact rock crusher having componentry which includes 
a crushing chamber housing, and 

a rotor into which rock may be introduced and ejected therefrom positioned in 
the crushing chamber housing, 

the rock crusher characterised in that 

1 . 

the relative angles of at least one of the crusher components is adjustable with 
respect to the vertical. 

2. A rock crusher as claimed in claim 1 wherein the angle of the rotor and the 
angle of the crushing chamber housing with respect to the vertical are 
adjustable independently of other crusher componentry. 

3. A crusher as claimed in claim 1 wherein the rotor and the crushing chamber 
housing are at a fixed position relative to each other so the rotor and crushing 
chamber are adjustable with respect to the vertical together, 

4. A rock crusher as claimed any of claims 1 to 3 wherein the crushing chamber 
angle is adjustable to control the rock fracture mechanisms in the crusher. 

5. A rock crusher as claimed in claim 4 wherein the fracture mechanisms include 
shatter, cleavage, attrition, and abrasion. 

6. A rock crusher as claimed in any of claims 1 to 5 which includes an anvil for 
rocks ejected from the rotor to impact in. 
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7. A crusher as claimed in any one of claims 1 to 6 wherein the crusher is 
configured so that in operation a rock wall forms on at least part of the interior 
of the chamber housing. 

8. A rock crusher as claimed in claim 7 wherein the rock wall forms an ever- 
tightening comer when at least one of the rock crusher component angles is 
adjusted from the vertical. 

9. A rock crusher as claimed in any previous claim wherein the rotor includes a 
drive shaft configured so that its angle with respect to the vertical is variable 
independently of at least one other component in the crusher. 

10. An anvil segment, configured to be used with an impact crusher which 
includes a crushing chamber housing and a rotor, 

the anvil characterised in that the position of the anvil in the crusher is 
adjustable. 

1 1 . An anvil as claimed in claim 1 0 wherein the adjustable position is the distance 
between the rotor on the crusher and the anvil, 

12. An anvil segment for use with a rotary impact rock crusher, the anvil 
characterised in that the anvil is configured to have at least one cavity 
positioned within the anvil structure. 

13. An anvil as claimed in claim 13 wherein there are a plurality of cavities within 
the anvil structure. 

14. An anvil as claimed in any one of claims 11 to 13 wherein the anvil is 
configured so that if an anvil surface wears through a cavity will fill with rock 
emitted from the rotor. 
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15. An anvil as claimed in claims 14 wherein the further wearing of the anvil will 
regenerate the anvil impact surface. 

16. An anvil as claimed in claims 1 1 to 15 wherein the cavities have substantially 
adjacent vertices. 

17. . An anvil as claimed in any one of claims 11 to 16 wherein the anvil is 

configured to have a stepped face. 

18. An anvil as claimed in claim 18 wherein there is at least one cavity associated 
with at least one stepped face. 

19. An anvil as claimed in any one of claims 12 to 18, wherein the anvil is the 
anvil claimed in claims 1 0 or 11. 

20. An anvil as claimed in any one of claims 10 to 20 wherein the anvil is located 
through an aperture in the crushing chamber wall. 

21. An anvil as claimed in claim 20 wherein the anvil is adjustable by altering the 
position of the anvil through the aperture in the crushing chamber wall. 

22. An anvil as claimed in any one of claims 10 to 21 wherein the anvil is 
configured to be adjustable from out side of the crushing chamber of the rock 
crusher. 

23. A plurality of anvil segments as claimed in any one of claims 10 to 22, 
arranged to operate in combination in a rock crusher. 

24. A rock crusher as claimed in claims 1 to 9, which includes an anvil as claimed 
in any one of claims 10 to 23. 

25. A rock crusher as claimed in claims 1 to 9 and 24 which includes an exit 
means for the crushed rock which projects to one side of the crusher. 
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26. A rock crusher as claimed in claims 1 to 9 and either of claims 24 and 25, the 
exit means is configured so that a shaft-housing for the shaft driving the rotor 
in the rock crusher is surrounded by the exit means so that the plane of the exit 
means intersects and the shaft housing at an acute angle. 

27. A rock crusher as claimed in any one of claims 25 or 26 wherein the exit 
means may be configured to vibrate as a result of the operation of the rock 
crusher to urge the crushed rock down the chute, 

28. A rock crusher as claimed in the preceding claim wherein the chute may be 
manufactured from rubber, or plastic based material. 

29. A method of controlling the fracture mechanisms in a rotary impact crusher, 
which includes a crushing chamber housing, and a rotor characterised by the 
step of altering the relative angles of the crusher componentry. 

30. The method as claimed in claim 29, characterised by the further step of 
adjusting the distance betw^een an anvil in the rotary impact crusher and the 
outlet of the rotor to achieve the desired fracture mechanism. 

31. A method as claimed in any one of claims 29 or 30 wherein the method is 
achieved using a crusher described in any one of claims 1 to 9 or any one of 
claims 24 to 28. 

32. A method as claimed in any one of claims 29 or 30 wherein the method is 
achieved using an anvil as claimed in claims 10 to 23. 

33. A method as claimed in any one of claims 29 or 30 wherein the method is 
achieved using a crusher described in claims 1 to 9, or any one of claims 24 to 
28 and an anvil as claimed in claims 10 to 23. 
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34. A method as claimed in any one of claims 29 or 30 wherein the method is 
achieved using a crusher described in claims 1 to 9, or any one of claims 24 to 
28 and an anvil as claimed in claims 10 to 22, or a plurality of anvils as 
claimed in claim 23. 

35. A rock crusher as substantially herein described with reference to the 
accompanying drawings. 

36. An anvil as substantially herein described with reference to the accompanying 
drawings. 

37. A method as substantially herein described with reference to the 
accompanying drawings. 
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